Adhesiveness of the apical (free) plasma membrane of uterine epithelial cells for trophoblast is essential for the process of human embryo implantation. As epithelial cells are normally repellent, i.e. apically nonadhesive, we argue that a remodelling of the epithelial organization from a polarized to a non-polarized phenotype might prepare the apical pole for cell-cell adhesion during the so-called receptive phase. To identify details of apical adhesiveness we examined human epithelial RL95-2 cells (RL cells) which, in contrast to other cell lines, allow trophoblast to adhere to their apical plasma membrane. To determine whether the cytoskeletal structure is functionally critical for adhesiveness for trophoblast, RL cells were treated with actin depolymerizing cytochalasin D, i.e. 0.4 µM for 120 min. Changes in adhesiveness for trophoblast were monitored with a centrifugal force-based adhesion assay. Moreover, ultrastructural features, organization of the actin network and expression of integrins, i.e. α 6 , β 1 , β 4 , were studied using electron microscopy, confocal laser scanning microscopy and cell surface immunogold-labelling techniques. Changes in transmission of mechanical signals via integrins into uterine cells were examined using a magnetic drag force device, thereby monitoring intracellular calcium responses. The results suggest that adhesiveness of the free surface of RL cells for human trophoblast requires an intact but non-polarized actin cytoskeleton, apically localized integrins linked to actin, and calcium signalling originating at the free surface.
Introduction
distribution of organelles and to membrane organization, RL cells lack apical-basal polarity. In a previous report, fluoresAt embryo implantation, the initial contact between the blastocence localization techniques have shown a non-polarized cyst and maternal tissues is by adhesion of trophoblast to organization of the actin cytoskeleton in RL cells, i.e. cells uterine epithelium. The ability of uterine epithelium to allow show a peripheral actin cortex but lack an ordered array of trophoblast to adhere depends on the acquisition of a specific actin-containing microvilli at their apical membrane and an functional state referred to as receptivity (for review, see ordered array of stress fibres at their basal membrane (Thie Psychoyos, 1995) . Uterine cells, like other simple epithelial et al., 1996a) . RL cells exhibit localization of integrins along cells, have an apical plasma membrane that is normally the entire plasma membrane including its apical (free) aspect repellent and does not allow opposing uterine or embryonic . The aim of the experiments presented in cells such as trophoblast to adhere. At the time of implantation, this paper was to obtain insight into the role of the pattern of however, uterine epithelial cells are reprogrammed towards actin filaments and integrins in adhesiveness of these cells for adhesiveness for trophoblast. It has been proposed that this trophoblast. process may be under the control of master genes which Here, we studied the effects of cytochalasin D known to be regulate the expression of the polarized epithelial phenotype an inhibitor of actin polymerization (Cooper, 1987) . We and can prepare the apical cell pole of uterine cells for monitored: (i) changes in the localization of actin filaments in contact with trophoblast (for reviews, see Denker, 1994; Thie RL cells; (ii) changes in the localization of integrins, i.e. α 6 , et al., 1996b) . β 1 , β 4 ; (iii) changes in adhesive properties of the apical cell RL95-2 is a human uterine epithelial cell line that exhibits pole. In order to obtain information on whether apically adhesiveness of its apical pole for trophoblast in contrast to localized integrins may be involved in transmission of other cell lines, like HEC-1-A (John et al., 1993a) . In this signals from the apical cell pole into cells via cytoskeleton, respect, RL95-2 cells (RL cells) mimic the in-vivo situation (iv) we applied mechanical forces to integrins and examined and, thus, serve as an in-vitro model for receptive human intracellular calcium when stressed. RL cells exposed to uterine epithelium (Raboudi et al., 1992; Rhode and Carson, moderate doses of cytochalasin D showed a loss of adhesiveness for trophoblast. The lack of trophoblast-adhesive 1993; John et al., 1993b; Thie et al., 1995) . With regard to
Drug treatment
properties of the apical cell pole was correlated to a separation of the actin network from much of the apical membrane Patillo et al., 1971) adhesiveness of human uterine epithelial cells for trophoblast was measured using a centrifugal force-based adhesion assay (John in vivo might need an intact integrin-actin system patterned et al., 1993a (with the cell-spheroid surface facing down) at 12 g for 5 min. Attached spheroids were counted and expressed as a percentage of Antibodies the number of spheroids seeded. Sample mean was calculated and the spread of counted data was described by the SEM; statistical Rat monoclonal antibody to the α 6 integrin subunit (GoH3; comparison of pairs of data was performed using Scheffé's method Sonnenberg et al., 1987) To apply mechanical stress to cell surface adhesion receptors in RL from Biomol, Hamburg, Germany. Fluorescein isothiocyanate (FITC)-cells, paramagnetic microbeads were bound to the apical surface of conjugated rabbit anti-mouse secondary antibodies (F232) and FITCliving cells via anti-integrin antibodies and were then dragged using conjugated rabbit anti-rat secondary antibodies (F234) were obtained a non-homogeneous magnetic field according to an established from Dako Diagnostika, Hamburg, Germany. Gold (6 nm)-conjugated procedure (Pommerenke et al., 1996) . Briefly, paramagnetic beads goat anti-mouse secondary antibodies and gold (6 nm)-conjugated (2.8 µm in diameter; Dynal, Hamburg, Germany) were coated with goat anti-rat secondary antibodies were obtained from Biotrend, anti-integrin antibodies (α 6 and β 1 respectively), and delivered onto Köln, Germany. a confluent monolayer. After removing unbound beads by gentle washing, defined mechanical stress (i.e. 11.4 dyne/cm 2 with a freCells quency of 1.0 Hz for 5 min) was applied to bound microbeads using a magnetic device. To record intracellular calcium endometrial cells The human endometrial carcinoma RL95-2 cell line (CRL 1671;  were loaded with the calcium indicator Fluo-3 (Nebe et al., 1995 ) Way et al., 1983 was purchased from the American Type Culture prior to stimulation. The fluorescence signals from single cells were Collection (ATCC, Rockville, MD, USA). RL95-2 cells were seeded recorded using a confocal laser scanning microscopy unit (LSM 410; in a 1 ϩ 1 mixture of Dulbecco's modified Eagle's medium and Carl Zeiss, Jena, Germany). Images were taken with a 10-fold Ham's F12 medium (Gibco-Life Technologies, Eggenstein, Germany) objective, at a rate of 60 images every 300 s. Data processing was supplemented with 10% fetal calf serum (FCS; Gibco), 10 mM HEPES performed by Zeiss-LSM-software on a Pentium computer analysing (Gibco), and 0.5 µg/ml insulin (Gibco). Medium was additionally a 512ϫ512 full frame. supplemented with penicillin (100 IU/ml; Gibco) and streptomycin (100 µg/ml; Gibco). The growth medium was changed every 2 to 3 days, and cells were subcultured following trypsinization (trypsinActin staining EDTA solution; Gibco) when they became confluent.
F-actin was labelled with tetramethylrhodamine isothiocyanate (TRITC)-conjugated phalloidin (Huang et al., 1992) . A solution of Cell culture on glass TRITC-conjugated phalloidin (Sigma-Aldrich) at a concentration of 25 µg/ml in phosphate-buffered saline (PBS) was used. Monolayers Cells were harvested from confluent plastic cultures, counted (CASY1-were rinsed in PBS, fixed with 3% paraformaldehyde for 15 min at Cell Counter; Schärfe System, Reutlingen, Germany), and adjusted room temperature, permeabilized by incubation for 2 min in a solution to the desired concentration, i.e. 7ϫ10 5 cells in 2.0 ml of culture of 0.05% Triton X-100, and then incubated for 15 min in a solution medium. Subsequently, the cell suspension was poured onto poly-Dof TRITC-phalloidin. After rinsing, the stained cells were examined lysine-coated glass coverslips (12 mm in diameter) in 4 cm 2 Falcon using a Zeiss Axiophot microscope equipped with epi-illumination multi-well plates. Cells were grown to confluency and used for experiments within 3 days of the start of culture.
(530-585 nm excitation).
Immunofluorescence
Monolayers were rinsed in PBS, fixed and permeabilized by incubation in 96% methanol-water for 10 min at -20°C. After several washings with PBS supplemented with 0.5% bovine serum albumin (BSA), cells were incubated for 1 h at room temperature with the primary antibody. Thereafter, cells were rinsed in PBS/0.5% BSA and incubated with the corresponding FITC-conjugated secondary antibody for 1 h at room temperature. In control experiments, the primary antibody was omitted. After rinsing with PBS, specimens were mounted with 90% glycerol-PBS supplemented with 1.0% pphenylenediamine and examined with a Zeiss Axiophot microscope equipped with epi-illumination (450-490 nm).
Confocal laser scanning microscopy
Confocal microscopy was carried out using a confocal laser scanning microscope (Leitz DM RBE; Leica, Heidelberg, Germany) equipped with an argon-krypton ion laser. For experiments, 488 nm excitation light was selected by a narrow bandpass interference filter. A 40-fold oil immersion objective with a numerical aperture (NA) of 0.5-1.0 was chosen. In the laser scanning mode the theoretical lateral resolution was calculated to be 0.22 µm (NA ϭ 1.0; λ ϭ 488 nm) and the axial resolution 0.22 µm (NA ϭ 1.0; λ ϭ 488 nm). Vertical optical sections were computed from x-z scans with 512 lines/image.
Cell surface immunogold-labelling imaged by scanning electron microscopy
Examination of integrin subunit distribution (α 6 , β 1 , and β 4 ) at the apical plasma membrane of RL cells was carried out using the silver enhanced colloidal-gold labelling technique (Herter et al., 1993; Herter, 1995) . RL cells were grown on thermanox coverslips (Nunc, Figure 1 . Adhesiveness of human uterine epithelial RL95-2 cells Napperville, IL, USA) as described above. Samples were rinsed in cultured on poly-D-lysine-coated coverslips before (I) and after (II) PBS and fixed in 4% paraformaldehyde in PBS for 1 h at room perturbation of actin cytoskeleton via cytochalasin D at 0.4 µM for temperature. After several washings with PBS supplemented with 120 min. Adhesiveness was determined in the centrifugal forceblocking agents (50 mM glycine, 0.2% gelatin, 0.5% BSA), cells based spheroid adhesion assay; confrontation cultures were grown were incubated for 1 h at room temperature with the primary in medium supplemented (a) with either 10% fetal calf serum or antibody. Thereafter, cells were rinsed in PBS and incubated with the (b) without fetal calf serum. Adhesiveness is expressed as the corresponding 6 nm gold-conjugated secondary antibody for 1 h at percentage of the number of spheroids seeded. For comparison, room temperature. After several washes in PBS, immunogold-labelled adhesiveness of poly-D-lysine-coated glass coverslips (III) for spheroids is shown. The values are mean Ϯ SEM of five cells were postfixed with 2% glutaraldehyde in PBS for 30 min at confrontation cultures counted, from determinations from four room temperature. Then, a silver enhancement of the colloidal gold separate experiments. labels was carried out using a commercially available silver enhancing kit (British Bio Cell, Cardiff, UK). After repeated washings in distilled water, samples were dehydrated with ethanol, and critical point dried Results using methanol as intermedium and carbon dioxide as drying medium.
Trophoblast-adhesive properties of the apical cell
In control experiments, the primary antibody was omitted. For pole scanning electron microscopy the samples were sputtered with a conductive layer of 5 nm chromium, and imaged with backscattered Untreated RL cells cultured as confluent monolayers on polyelectrons using a Hitachi S-800 SEM equipped with an annular single D-lysine coated glass coverslips showed adhesive properties backscattered detector (Autrata et al., 1986). of the apical pole for trophoblast-like JAR cells (Figure 1, I ) confirming previous data (John et al., 1993a) . JAR spheroids Figure 1b , III respectively). The differences between RL cells two main changes in microfilament architecture were observed without CD treatment and glass coverslips were statistically (Figure 3b,d) . Firstly, the microfilament system subjacent to significant, while the differences between RL cells with CD the plasma membrane appeared diminished and/or disastreatment and glass coverslips were not (P Ͻ0.05). Thus, sembled. The lateral microfilament systems appeared somewhat adhesiveness of uterine cells was lost following CD treatment. more resistant to CD, i.e. some arrays appeared to be intact. Treatment of RL cells with DMSO solvent caused only a Secondly, numerous actin aggregates were evident elsewhere minor decrease of adhesiveness for trophoblast; this was not in the cytoplasm. These actin masses were of irregular size significant (data not shown).
and separated by variable space. Treatment of RL cells with high doses of CD, i.e. 2.0 and 20.0 µM CD respectively, caused concentration-dependent Distribution of integrin subunits damage of monolayers leading to failure of the attachment When untreated RL cells were stained for α 6 , β 1 , and β 4 assay. Damage of monolayers was accompanied by morphointegrin subunits they showed characteristic membrane-bound logical changes of cells including blebbing, cell retraction and staining (Figure 4a ). In order to visualize the domain-specific arborization which are well-known effects of cytochalasins in localization of integrins, monolayers were examined by cona variety of cell types (Godman and Miranda, 1978) . We did focal laser scanning microscopy ( Figure 4c ). RL cells were not further pursue these findings but rather tried to determine labelled along the entire plasma membrane including the apical whether a subtle alteration in actin morphology induced by a domain. To obtain more details about the distribution of low dose treatment might parallel the observed loss of trophointegrins within the plane of the apical plasma membrane blast-adhesive properties of the apical pole of RL cells (see immunogold labelling and imaging by scanning electron microabove). Treatment of RL cells with 0.2 µM CD had no scopy was used (Figure 4e ). Silver-enhanced gold conjugates significant effects on adhesiveness. Treatment of cells with indicating immunoreactivity were homogeneously distributed 0.4 µM CD for 120 min caused significant effects but morphoover the entire apical cell surface, identical for all investigated logy of monolayers remained intact. Therefore, we focused integrin subunits (α 6 , β 1 , and β 4 ) (data not shown). Compared subsequent studies on this CD concentration.
to untreated RL cells, cytochalasin D (CD) treated cells showed a similar staining pattern (Figure 4b,d) . Occasionally, however,
Morphology of cells
aggregates of irregular size were visible within the cytoplasm In comparison with untreated RL cells (Figure 2a) , cells of CD-treated cells (Figure 4b,d) . With regard to the staining remained non-retracted and monolayers intact after 120 min of the apical cell surface (Figure 4f ), the distribution of of treatment with 0.4 µM cytochalasin D (CD) (Figure 2b) . colloidal gold-labelled binding sites and the labelling density Similar to untreated RL cells (Figure 2a) , there was neither a was comparable with that of untreated cells (Figure 4e ). separation from neighbours nor any sign of cell loss due to detachment from the substrate. Cell shape remained approxiTransmission of mechanical signals mately round and the low degree of apical-basal cell polarity Incubation of untreated living RL cells with anti-integrin typical for RL cells was maintained (Figure 2b ). The nuclei antibody-coated microbeads directed against the subunits α 6 were predominantly located in the centre of the cells and and β 1 respectively, and subsequent mechanical stimulation, organelles tended to accumulate in the perinuclear region. The induced an increase in intracellular calcium (Figure 5a ,c). upper surface of the cell appeared dome-like and was free of Significant differences in the calcium response were detected microvilli. Alterations of microfilaments subjacent to the comparing mechanical stimulation of the integrin subunit α 6 apical membrane were not visible in conventional transmission with the response after stimulating the integrin subunit β 1 . electron microscopy. It could not be excluded, however, that While stimulation via integrin subunit α 6 provoked a weak this might be due to the high background electron density increase of intracellular calcium (mean Ϯ SEM of four different of cytoplasm obscuring the image of delicate cytoskeletal cells: 1.7-fold Ϯ 0.3) 50-150 s after starting mechanical stress structures. Occasionally, cytoskeletal condensations were found (Figure 5a ), stimulation via integrin subunit β 1 provoked a in the cytoplasm of treated cells (Figure 2c ). Both treated RL strong increase (mean Ϯ SEM of four different cells: 3.4-fold cells and untreated cells adhered to the substrate via large Ϯ 0.6) 200-300 s after starting stimulation (Figure 5c ). When cytoplasmic extensions rather than by a broad-based cellcomparing individual cells, the intensity of calcium responses matrix contact. Cells laterally formed small primitive cell-cell was not uniform. Only rare and very weak calcium signals junctions.
were obtained after mechanical stimulation of cells with Characterization of actin cytoskeleton unlabelled microbeads or with immunoglobulin (Ig)G-coated beads due to unspecific stressing of the cell membrane (data Distribution of actin filaments was examined using rhodaminenot shown). In contrast to untreated RL cells, cytochalasin labelled phalloidin (Figure 3) . In untreated RL cells, phalloidin-D-treated cells showed no calcium signals after mechanical binding F-actin was predominantly localized peripherally, stress either after stimulation of the integrin subunit α 6 (Figure i.e. along the entire cell surface (Figure 3a) . Neither actincontaining microvilli were observed at the apical membrane 5b) or after stimulation of the integrin subunit β 1 (Figure 5d ). 
Discussion
lateral plasma membrane domains (Thie et al., , 1996a . In association with this, RL cells lack a polarized configuration In the present communication, the human uterine epithelial of the cytoskeletal network, i.e. cells show a peripheral actin RL95-2 cell line was used as an in-vitro model for the cortex but do not organize the cytoskeleton into stress fibres peculiar property of receptive uterine epithelium, i.e. to allow and/or elements stabilizing microvilli respectively. However, trophoblast cells to adhere to its apical plasma membrane.
functional analysis of their actin cytoskeleton, performed in Here, we show that adhesive properties of the apical pole of the present investigation shows that an actin system is essential RL95-2 cells (RL cells) may be decreased after cytoskeletal for adhesiveness for trophoblast. In contrast, uterine HEC-1-perturbation induced by cytochalasin D. Therefore, our data A cells which exhibit morphological features of epithelial suggest that adhesiveness of human uterine epithelial cells for polarity (Drubin and Nelson, 1996) do not allow trophoblast trophoblast might depend on an intact actin cytoskeleton to adhere, i.e. cells are repulsive (John et al., 1993a) . These interacting with the plasma membrane.
HEC-1-A cells show an epithelium-like architecture of the Role of actin cytoskeleton cytoskeleton including the actin filament system (Thie et al., 1996a) . These observations, together with the experimental RL cells are not morphologically polarized, i.e. cells show a lack of apical-basal axis and a lack of apical versus basaldata presented here, strongly suggest that adhesiveness of uterine cells for trophoblast may depend on an actin cytogood candidates for molecules promoting trophoblast-adhesive properties of the apical cell surface of uterine epithelial cells. skeleton which is structured as in RL cells, i.e. in a nonpolarized fashion. By extrapolation to the in-vivo situation, Role of cell surface integrins this would imply that an actively regulated modulation of the actin cytoskeleton from a polarized type to a non-polarized
The cell adhesion molecules that actually mediate trophoblast attachment to uterine epithelial cells in vivo are still type must occur when the uterine epithelium enters the state of receptivity. Alterations of the apical membrane cytoskeleton unknown. Various types of molecules have been proposed to play a role here, including trophinin and tastin (Fukuda et al., have indeed been reported to occur in rat uterine epithelial cells in that phase, including dissociation of microfilaments 1995), cadherins , and integrins (Lessey et al., 1992 (Lessey et al., , 1994 Albers et al., 1995; Thie et al., 1995) . Whether all and loss of the complex network of actin filaments subjacent to the apical plasma membrane (terminal web), and loss of of these molecules might be co-expressed on RL cells, thereby individually contributing to adhesiveness of these cells, is not microvilli (Murphy, 1993) . In support of these data, there is further evidence for a plasma membrane transformation of yet known. Integrins are of particular interest since they not only mediate cell-cell or cell-matrix binding but also play a role in uterine cells indicating the importance of cytoskeletal dynamics of uterine epithelial cells in uterine receptivity for implantation signalling via the plasma membrane. Integrins are a large family of heterodimeric transmembrane proteins with different α and (Murphy, 1995) . Nevertheless, data on the human uterine epithelium, in particular concerning the situation in the vicinity β subunits (Hynes, 1992) . They bind directly to α-actinin and talin, which in turn link integrins to a cytoskeletal matrix comof an attaching blastocyst in vivo, are lacking. The processes that might mediate changes of cytoskeleton in uterine cells prising actin filaments and other actin-associated proteins, including vinculin, zyxin, and paxillin (Clark and Brugge, 1995 ; are not understood. As shown in other systems, effector mechanisms inducing a relatively rapid rearrangement of actin Garratt and Humphries, 1995) . In the human, α 4 β 1 and α v β 3 integrins are regulated during the menstrual cycle and are postucould involve small GTP-binding proteins of the Rho family (Ridley and Hall, 1992; Hall, 1994, 1995; Kozma lated to define the period of receptivity (Lessey et al., 1994) . However, co-expression of α 4 , α v , β 1 and β 3 integrin subunits et al., 1995) . More interestingly, signalling and assembly pathways may exist that control specifically the actin organizawas reported to be confined to the glandular epithelium rather than to the luminal epithelium. In contrast, co-expression of α 6 , tion at the apical pole of polarized epithelial cells. This was shown by disassembly of F-actin in the apex of intestinal β 1 and β 4 integrin subunits has been reported to be present within the luminal epithelium during receptivity (Albers et al., 1995) . epithelial cells as a result of inactivation of Rho protein via ADP-ribosylation (Nusrat et al., 1995) .
Although not yet Moreover, α 6 integrin subunits newly appeared in the lateral membranes of luminal epithelial cells (Albers et al., 1995) . Thus, investigated, Rho proteins acting as on/off switches might be were stained in parallel and the photographic processing was identical to allow direct comparison of staining patterns. Images of confocal vertical sections (c, d), however, were individually processed to visualize protein distribution. Untreated RL95-2 cells show random distribution of integrin staining along the entire plasma membrane (a, c). Cell surface integrin subunits were visualized by scanning electron microscopy as globules due to silver enhanced immunogold-labelling technique (e). Cytochalasin D treatment of RL95-2 cells did not affect distribution of integrins (b, d) ; note, however, integrins being visible within the cytoplasm occasionally. Note similar distribution of gold-labelled cell surface integrin subunits (see globules) before (e) and after (f) treatment of cells with cytochalasin. Electron micrograph samples (e, f) were stained in parallel allowing direct comparison of staining patterns. Arrows mark the position of cell-cell contacts in vertical images. s s s s ϭ coverslip; cs ϭ coverslip; pm ϭ apical plasma membrane of a single cell; stars ϭ growth medium; scale bars ϭ 10 µm (a, b, c, d ) or 1 µm (e, f). α 6 β 1 and α 6 β 4 integrins rather than α 4 β 1 and α v β 3 integrins, of the actin network but no changes in the topographic distribution of integrins expressed in the plasma membrane domains. might be particularly connected with adhesiveness. In RL cells, integrins (e.g. α 6 , β 1 , β 4 ) are expressed along the entire plasma Hence, aggregates of integrins observed within the cytoplasm of treated cells might be due to perturbation of the sorting membrane including the apical cell pole. As shown here, these integrins and the cortical ring of actin are co-localized. The pathway and/or incorrect docking of newly synthesized molecules (Rodriguez-Boulan and Powell, 1992) caused by the observation that mechanical stimulation via integrin subunits provoked an increase in intracellular calcium strongly suggests absence of the actin network. Interestingly, treatment of RL cells with cytochalasin D did cause, however, a loss in adhesive that a functional linkage exists between integrins and the cytoskeleton in RL cells. A physical interaction between integrins properties of cells for trophoblast and a loss in transmission of mechanical signals after stimulation via integrins. This suggests and cytoskeleton has indeed been shown in other systems (Wang et al., 1993; Wang and Ingber, 1994; Pommerenke et al., 1996) . that the loss of adhesiveness and the loss of signal transmission might be linked and due to perturbation of the F-actin cytoskelTreatment of RL cells with cytochalasin D caused perturbation eton, thereby perturbing the molecular hierarchies of cytoskeletrophoblastic cells (Bischof and Campana, 1996) . Therefore, adhesive interactions between the apical plasma membranes of tal and signalling molecules (Miyamoto et al., 1995) . Not only proper organization of the actin cytoskeleton, but also proper uterine epithelial cells and trophoblast might play a role not only in anchoring the blastocyst but also in triggering changes in interaction between cytoskeleton and integrins enabling functional activity of integrins, appear to be important aspects of uterine epithelial cell behaviour and trophoblast behaviour that may be critical for successful implantation. adhesiveness of RL cells for trophoblast.
The molecular events underlying human implantation are just Signalling at the apical plasma membrane starting to be elicited (for reviews, see Lopata, 1996a,b) . As shown here, adhesiveness of uterine epithelial cells for trophoMechanical stimulation via cell surface integrin receptors provoked an intracellular calcium response in RL cells. No details blast may be important for implantation of the human blastocyst. Mechanisms that might regulate the restructuring of cytoskeletal are known about this signalling pathway in RL cells and/or how the signal is networked, but we speculate that these features may elements and, in association with this, the relocalization of adhesion molecules in polarized uterine epithelial cells, promise to be more or less similar to what has been described in other systems Juliano and Haskill, 1993; Kanner et al., give valuable new insights and should be worth further investigation. It will be interesting to see whether the complex processes 1993; Schwartz and Denninghoff, 1994; Clark and Brugge, 1995; Garratt and Humphries, 1995; Geiger et al., 1995) . Our involved in acquisition of adhesiveness, e.g. changes in cellcell junctions (Thie et al., 1996a) and changes in actin-based data suggest that integrin-mediated cell signalling to the uterine epithelium might be elicited by trophoblast adhesion. It is temptcytoskeleton (this study), might be co-ordinated by postulated master genes (Denker, 1993 (Denker, , 1994 . ing to speculate that this signalling pathway might trigger downstream effects in the uterine epithelium that cause a change in cell behaviour allowing trophoblast to penetrate (either by
